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Introduction
Including the new species described in this paper from the Mogollon Rim above Strawberry, Arizona, there are now 15 "vorhiesi" group species in the USA (Arizona, New Mexico, and Utah), and Mexico (Sonora). Until now, they have all been found in sloping, lithophilic habitats. Vaejovis trinityae sp. nov. is the first species of the "vorhiesi" group to be found in a non lithophilic habitat and a predominately arboreal microhabitat (Ponderosa Pine trees), due to lack of vertical rock surfaces in their environment.
Recent phylogenetic analysis based on DNA markers is consistent with the morphometric evidence and confirms that a new species represents an isolated evolutionary lineage. Based on the DNA data, it is most closely related to V. crumpi and V. lapidicola but these three lineages diverged approximately 4.43 million years . This is the first, though not the last, formal description of one of the 16 lineages inferred by Bryson et al. (2013) . I expect that the "vorhiesi" group of the genus Vaejovis will be the largest species group in the Vaejovidae.
Materials and Methods

Terminology and conventions
Measurements are as described in Stahnke (1970) , trichobothrial patterns are as in Vachon (1974) , and pedipalp finger dentition follows Soleglad & Sissom (2001) . The holotype (USNM) was sequenced by Bryson et al. (2013) and therefore constitutes a genseq-1 COI, 16S, ITS2, 28S (nomenclature for reporting DNA sequences from types suggested by Chakrabarty et al., 2013 carapace and mesosoma. (see Figure 1) . Pedipalp movable finger usually with 7 ID denticles and fixed finger usually with 6. Carapace of female is longer than the fifth metasomal segment. Pectinal tooth count for females 11.72 [n = 32], males 13.00 [n = 10] Color. Color is brown, lighter on the legs. Faint underlying mottling on the carapace and mesosoma.
Carapace (Fig. 4) . Anterior margin of carapace moderately emarginated, posterior margin slightly emarginated. Carapace finely granular. Three lateral eyes on each side. Median furrow moderate and traverses entire length of carapace. Ratio of median eyes location from anterior edge/carapace length 0.69; carapace length/ width at median eyes 1.43. Carapace of female is longer than metasomal segment V. (Fig. 9) . Tergites finely granular with vestigial median carina on Tergites I-VI. Tergite VII with weak median carina on anterior third and strong dorsal lateral and lateral supramedian granular carinae. Sternites III-VI finely granular and without carinae. Sternite Sternum. Sternum is type 2 (Soleglad & Fet, 2003) and is wider than long.
Mesosoma
Genital Operculum. Sclerites separated on posterior one-fifth.
Pectines. Pectinal tooth count for the holotype female 10/10 and 14/15 for the paratype male. All pectinal teeth have exterodistal angling with large sensorial area. Middle lamellae 6/6. Fulcra are present. Each fulcrum with one central seta.
Metasoma (Fig. 8).
Carapace of female is longer than the fifth metasomal segment. Ratio of segment I length/ width 0.74;.of segment II length/width 0.97; of segment III length/width 0.99; of segment IV length/ width 1.34; of segment V length/width 2.05. Segments I-IV: dorsolateral carinae moderate, granular. Lateral supramedian carinae I-IV strong and granular with enlarged spinoid distal denticle on I & II. Lateral inframedian carinae moderately granular on segment I, posterior 3/5 of II, 2/5 of III, and obsolete on IV. Ventrolateral carinae I weak and granular; on II-III moderate, granular; on IV strong, granular. Ventral submedian carinae weak to moderate on segment I, moderate on II, moderate, granular on III and moderate to strong, granular on IV. Dorsal and lateral intercarinal spaces very finely granular. Segment I-IV ventral submedian setae 3/3. Segment V: Dorsolateral carinae weak, distally crenulate, basally granular Lateromedian carinae moderate, granular. Ventrolateral and ventromedian carinae moderate. Intercarinal spaces finely granular. Segment V ventrolateral setae 4/4. Fig. 7) . Smooth with 4 pairs of large setae on the ventral surface, 3 large setae along both lateral edges of the vesicle and numerous smaller setae. Small, obsolete subaculear tubercle present.
Telson (
Chelicerae (Fig. 6) . Dorsal edge of movable cheliceral finger with two subdistal (sd) denticles. Ventral edge is smooth, with well developed serrula on distal half. (Figs. 5, 10) . Trichobothrial pattern type C (Vachon, 1974 ) (see Fig. 10 ). Trichobothria ib and it located at base of fixed finger. Pedipalp ratios: chela length/width 3.88; femur length/width 3.39; patella length/width 3.14; fixed finger length/carapace length 0.72. (Fig. 5) . Carinae moderate. Fixed finger with median (MD) denticles aligned and divided into 6 subrows by 5 outer (OD) denticles and usually 6 ID denticles. Movable finger with 6 subrows, 5 OD denti- cles and usually 7 ID denticles (Soleglad & Sissom, 2001 ).
Pedipalps
Chela
V. trinityae
Femur. Carinae moderate.
Patella. Carinae strong, internal surface with very large granules on the DPSc carina.
Legs. Ventral surface of tarsomere II with single median row of spinules terminating distally with one spinule pair.
Hemispermatophore (Fig. 11) . The hemispermatophore is lightly sclerotized with subparallel lamellar edges, with slight tapering distally. On the dorsal surface a distal crest is present on the inner distal aspect of the lamella, which is also visible from the ventral surface. The lamellar hook, which is moderately sclerotized, is of medium length, emanating from the dorsal trough, and is widely bifurcated. The lamellar hook is somewhat longer than typically seen in other "vorhiesi" group species, exhibiting a ratio of 0.343 when the lamellar hook is compared to the lamina length. A weak, subtle truncal flexure is visible on the external aspect of the trunk/ lamella juncture. A slightly sclerotized mating plug was located on the ventral surface, on the internal area just below the ventral trough. Its stock is somewhat thick and the barb's ventral edge is smooth. The mating plug, still embedded in the median area, is visible from the ventral surface in Fig. 11 .
Variability. Variability of fixed finger ID denticle count was noted in V. trinitiyae. The counts were 6 (n=16) and 5 (n=4). Variability of pectinal tooth counts was also noted with the average for females 11.719 (n=32) and males 13.0 (n=10).
Type Locality. The type specimens were found, using a blacklight at night along the Mogollon Rim, Coconino County, Arizona (N34.5201°, W111.5074°) at an eleva- Table 2 : Morphometrics (mm) of female V. trinityae versus other select "vorhiesi" group species. Bold underlined comparisons are those for which there is no overlap with V. trinityae sp. nov. V. lapidicola data from the original description and redescription & Graham, 2006 . Pectinal tooth count data stated as min-max (mean) [N] . Number in parentheses following species name is number of samples used in the morphometric comparisons. CA_L = carapace length, FF_L = fixed finger length. tion of 1924 m asl. The vegetation type is mesic Ponderosa Pine and mixed evergreen oak woodland. As can be seen in Fig. 5 , there is very little slope to the terrain. No other scorpions were found syntopically with V. trinityae during eight field trips to the Mogollon Rim.
Behavior. This species is the only member of the lithophilic "vorhiesi" group that does not live in a sloping and frequently vertical rock habitat. Within their habitat (Fig. 12 ) the only vertical surfaces are trees. New species appears to use the trees, usually Ponderosa pine, both living and dead, to take advantage of the heat that is absorbed on the vertical surfaces from the sun. Cracks in the bark of these trees also provide retreats. The author has seen and collected at least 17 species of sky island Vaejovis. This is the first time that he has seen them frequently using trees as substrate. Almost half of the specimens collected were found between one and 18 inches up, on the southeast facing surface of the bark of the trees (142º). The second most common location was under dead bark lying on the ground, with the rest found in the open.
Comparison
Map in Fig. 14 shows the type localities of the 15 currently described "vorhiesi" group species of Vaejovis from Arizona, New Mexico, Utah, and Sonora, Mexico. Comparisons are made to all species with emphasis on V. lapidicola and V. crumpi, due to recent DNA-based phylogenetic analysis .
Vaejovis bandido, V. brysoni, V. cashi, V. deboerae, V. electrum, V. feti, V. halli and V. vorhiesi all exhibit 6 inner denticles (ID) on the chela movable fin-ger, not 7 as found on most northern Arizona "vorhiesi" group scorpions, including Vaejovis trinityae. Recent DNA analysis estimates that the lineage represented by V. trinityae diverged from the clade that includes abovelisted species 16.26 million years ago (Mya). We compare these species below, refer to Table 2 for statistical data.
Vaejovis jonesi: Based on the original description by Stahnke (1939) , V. jonesi is a much larger species, total length approximately 75% larger and carapace length approximately 50 % larger than V. trinityae. Three ratio comparisons can be made between the original female measurements and the measurements of V. trinityae, all three of which do not overlap with V. trinityae (see Table 2 ). Recent DNA analysis estimates that lineages represented by V. trinityae and V. jonesi diverged 15.37 Mya. V. trinityae is also widely allopatric with V. jonesi.
Vaejovis paysonensis: Compared to the remaining male and female from the original set used to describe the species (Soleglad, 1973 ) V. trinityae is smaller than V. paysonensis and there is no overlap in 4 important morphometric ratios (see Table 2 ). Recent DNA analysis estimates that lineages represented by V. trinityae and V. paysonensis diverged 13.45 Mya.
Vaejovis bigelowi differs from V. trinityae by being larger and by 7 important morphometric ratios (see Table 2 ). This is the only species for which there is no DNA data available at this time. It is also widely allopatric with V. trinityae.
Vaejovis tenuipalpus has 6 ID denticles on both the fixed and movable fingers while V. trinityae has 7 ID denticles on the movable finger. V. tenuipalpus is also larger and differs from V. trinityae by 9 important morphometric ratios (see Table 2 ). Recent DNA analysis estimates that lineages represented by V. trinityae and V. tenuipalpus diverged 14.31 Mya. V. trinityae is also widely allopatric with V. tenuipalpus.
Vaejovis lapidicola: The male V. lapidicola has a "planate" carapace Ayrey & Soleglad 2012) whereas the male of V. trinityae has a carapace that tapers gradually like V. crumpi and the other described "vorhiesi" group species (see Fig. 2 ). V. lapidicola is a larger species, females are 16% larger, with no overlap in total length, carapace length or metasoma length with V. trinityae. There is also no overlap in female metasomal segment I, II, and III L/W ratios as well as chela L/W ratio. Recent DNA analysis estimates that lineages represented by V. trinityae and V. lapidicola diverged 4.43 Mya.
Vaejovis crumpi is larger than V. trinityae and the carapace is shorter than metasomal segment V, longer in V. trinityae. Both the femur and patella of V. crumpi are thicker compared to V. trinityae and the telson vesicle is relatively thicker (see Table 2 ). Recent DNA analysis estimates that lineages represented by V. trinityae and V. crumpi diverged 4.43 Mya. V. trinityae is also widely allopatric with V. crumpi.
